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Abstract
57Fe Mo¨ssbauer spectroscopy measurements were performed on a powdered
CuFe2Ge2 sample that orders antiferromagnetically at ∼ 175 K. Whereas a
paramagnetic doublet was observed above the Nee´l temperature, a superposition
of paramagnetic doublet and magnetic sextet (in approximately 0.5 : 0.5 ratio)
was observed in the magnetically ordered state, suggesting a magnetic structure
similar to a double-Q spin density wave with half of the Fe paramagnetic and
another half bearing static moment of ∼ 0.5− 1 µB . These results call for a re-
evaluation of the recent neutron scattering data and band structure calculations.
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1. Introduction
The rRecent discovery of superconductivity in iron-based compounds, [1]
followed by a flare of experimental and theoretical studies of related materials,
[2, 3, 4, 5] restored interest in Fe-based intermetallics with either magnetic order
or enhanced Fermi-liquid properties and possible strong magnetic fluctuations,
renewing, for example, interest in the RFe2Ge2 (R = rare earth) series. [6, 7, 8,
9, 10, 11, 12] Among other materials the electronic structure and magnetism of
CuFe2Ge2, [13] were investigated in some detail. [14, 15]
Unlike many other so-called 122 compounds, CuFe2Ge2 crystallizes in an
orthorhombic structure (space group 51, Pmma), with a 2a site for Cu, 2d
and 2f sites for Fe and 2e and 2f sites for Ge. [13] Band structure calculations
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[14] suggested that CuFe2Ge2 has a magnetic ground state that is ferromagnetic
along a direction and antiferromagnetic in other directions. Calculated magnetic
moments on two Fe sites differ by less than 5%.
Magnetization measurements in CuFe2Ge2 [15] showed an onset of a ferromagnetic-
like transition at ≈ 228 K. On further cooling, multiple experimental techniques,
including powder neutron diffraction, [15] identified a commensurate antiferro-
magnetic ordering below TN ≈ 175 K. The commensurate structure was de-
scribed by the propagation vector (0, 1/2, 0), so that the moments are aligned
antiferromagnetically along b, with chains of Fe(1) atoms ferromagnetically cou-
pled along a and antiferromagnetically coupled with Fe(2) atoms. [15] The
magnetic moments evaluated from the neutron diffraction data refinement were
0.36(10) µB on Fe(1) and 0.55(10) µB on Fe(2) at 135 K. An incommensurate
spin density wave structure was reported to set in below ≈ 125 K with a coex-
istence of two structures between approximately 70 and 125 K. The incommen-
surate structure at 4 K was described by the propagation vector ( 0, 1/2, 0.117)
with magnetic moments of 1.0(1) µB on Fe(1) and 0.71(10) µB on Fe(2). The
direction of the moments in both commensurate and incommensurate magnetic
phases was suggested to be along the c-axis direction.
CuFe2Ge2 was identified as a metallic compound with competing magnetic
ground states, that are possibly strongly coupled to the lattice and easily ma-
nipulated using temperature and applied magnetic felds. [14, 15] Additionally,
powder neutron diffraction data allowed for some ambiguity in the modeling of
the data. [15] All this suggested that further studies, in particular with other
local probes, would be desirable to gain understanding of magnetism in this
compound.
In this work we use 57Fe Mo¨ssbauer spectroscopy to perform a study of
CuFe2Ge2, over a large temperature range that includes the paramagnetic and
suggested magnetically ordered states.
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2. Synthesis and general characterizatoion
Polycrystalline samples of CuFe2Ge2 were prepared by arc melting high pu-
rity elements on a water cooled copper hearth under ∼ 10 mTorr of Ar atmo-
sphere, followed by annealing. The weight loss after arc melting was ∼ 2%. The
arc melted sample was put in an alumina crucible, sealed in an amorphous silica
tube under a partial Ar atmosphere, and then annealed at 600◦ C for 168 hours
and furnace - cooled. Given that Ref. [15] emphasized the importance of an-
nealing at this temperature, we made every effort to reproduce their annealing
procedure.
Room temperature powder x-ray diffraction was performed using a Rigaku
MiniFlex II diffractometer and zero diffraction, silicon sample holder. The re-
sults were analyzed using the GSAS software package. [16] The results (Fig.
1) suggest that the sample is a single phase, the refined lattice parameters are
a = 4.980 A˚, b = 3.970 A˚, and c = 6.795 A˚, in agreement with the literature
values. [13]
Temperature dependent resistivity measurements were performed using a
conventional four-probe technique and a Quantum Design Physical Property
Measurement System ACT option (f = 16 Hz, I = 3 mA). Electrical contacts
to the sample were made with Epo-Tek H20E conductive epoxy and were lower
than 1Ω. The results of the measurements are shown in Fig. 2. The RRR =
ρ300K/ρ1.8K is about 3.8. The transition at ∼ 175 K is clearly seen both in
resistivity data and in its derivative. These data are consistent with the results
of Ref. [15], Supplementary Information.
Temperature dependent magnetization was measured on bulk and powdered
polycrystalline samples between 1.8 and 300 K for several values of applied
magnetic field using a Quantum Design Magnetic Property Measurement Sys-
tem (MPMS 3) SQUID magnetometer. No discernible difference was observed
between these two sets of data suggesting that if there is a texture (preferential
orientation) in the bulk polycrystalline sample, it is insignificant. The results
for powdered sample are shown in Fig. 3. The feature associated with the tran-
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sition at ∼ 175 K is seen in all curves. The measurement at H = 10 Oe suggest
presence of a ferromagnetic component below ∼ 225 − 230 K, and the 1 kOe
data also suggests a similar ferromagnetic component. Distinct from the data
in Ref. [15] we do not observe any apparent feature at T2 ≈ 125 K and the low
temperature magnetization tail in our measurements is smaller. These differ-
ences could be due either to (different) preferential orientation / texture of the
polycrystalline samples, or to slightly different chemical compositions or small
secondary magnetic phases possibly associated with the larger low temperature
tail in Ref. [15].
3. Mo¨ssbauer spectroscopy
Mo¨ssbauer spectroscopy measurements were performed using a SEE Co. con-
ventional, constant acceleration type spectrometer in transmission geometry
with a 57Co(Rh) source kept at room temperature. The absorber was prepared
by mixing ground polycrystalline CuFe2Ge2 with a ZG grade (high purity) BN
powder to ensure homogeneity. The absorber was placed between two nested,
white Delrin, cups of the absorber holder. The absorber holder was locked in a
thermal contact with a copper block with a temperature sensor and a heater.
The absorber was cooled to a desired temperature using a Janis model SHI-850-
5 closed cycle refrigerator (with vibration damping). The driver velocity was
calibrated using α-Fe foil. Isomer shift (IS) values are quoted relative to the
α-Fe foil at room temperature. The Mo¨ssbauer spectra were fitted using either
the commercial software package MossWinn 4.0 Pre, [17] or the MossA package
[18] with both analyses giving very similar results.
57Fe Mo¨ssbauer spectra at selected temperatures are shown in Fig. 4. There
is no apparent difference between the 296 K and 200 K spectra, so the feature
observed in our magnetization data as well as in Ref. [15] near ∼ 230K is most
probably associated with a small (below the detection level of the Mo¨ssbauer
spectroscopy) ferromagnetic impurity. In the paramagnetic state the spectra
were fitted with one doublet. Whereas this, at first glance, may appear to be at
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odds with two distinct Fe sites in the CuFe2Ge2 crystal structure, most probably
the hyperfine parameters for Fe at both sites are close enough that two separate
doublets are not resolved in our measurements, instead a single doublet with
rather large linewidth is observed.
The spectra change significantly below ∼ 175 K (Fig. 4). They become
a superposition of a magnetic sextet and non-magnetic doublet. The results
of the fits suggest that approximately half of the Fe sites bear no static mag-
netic moment and another half bear an ordered magnetic moment. Although
it does not follow directly from the data, is seems reasonable to assume that
Fe is magnetically ordered on one crystallographic site and not on the other.
Very similar Mo¨ssbauer spectra were observed in so-called C4 phase of e.g.
Sr0.63Na0.37Fe2As2 [19] for which a double-Q spin density wave model of the
magnetic structure was suggested.
The temperature dependence of the hyperfine parameters of CuFe2Ge2 are
plotted in Figs. 5, 6. Both the relative area of the sextet (Fig. 5 upper panel)
and the hyperfine field (Fig. 6) are finite for T = 180 K. In Fig. 5, the isomer
shift (IS) values for the doublet and the sextet both increase with decrease of
temperature, whereas the quadrupole splitting (QS) has only a minor variation
with temperature. The linewidth values associated with both the doublet and
the sextet are rather high (∼ 0.4 mm/s) over the whole temperature range. In
comparison with tetragonal RFe2Ge2 (R = rare earth) [20] and AFe2As2 (A =
Ba, Sr, Ca, Eu), [21] the values of the isomer shift for CuFe2Ge2 nonmagnetic
doublet are comparable but higher, whereas those for quadrupole splitting are
measurably higher, pointing to the higher anisotropy of Fe atoms environment
in CuFe2Ge2
A closer look at the isomer shift and the quadrupole splitting associated with
the doublet reveals anomalies at approximately the magnetic ordering temper-
ature. These anomalies are not surprising since the magnetic transition is ac-
companied by the visible features in the c - lattice parameter[15] that can affect
structural and electronic environments of the Fe atoms in the structure.
The temperature dependence of the hyperfine field inferred from the sex-
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tet in the Mo¨ssbauer spectra is presented in Fig. 6. The hyperfine field, Bhf ,
varies continuously and approaches zero smoothly for T ≥ 181 K. This behav-
ior is consistent with a second order of the magnetic phase transition. There
is no discernible feature at ∼ 125 K, where transition from commensurate to
incommensurate spin density wave state was inferred from neutron scattering
data. [15] The Bhf (T ) dependence was fitted using a phenomenological form
Bhf (T ) = Bhf (0)[1 − (T/TN )α]β , [22] where TN is Ne´el temperature, α and β
are parameters describing behavior for T → 0 and near TN respectively. The
results of the fit give Bhf (0) = 8.19±0.02 T, TN = 180.8±0.2 K, α = 2.0±0.1,
β = 0.27± 0.01.
The observed hyperfine field serves as a measure of the magnetic moment
on the Fe site. Although there is no unique relationship between the magnetic
hyperfine field and the magnetic moment, [23], for rough evaluation of the mo-
ment we can use the value of hyperfine coupling constant A = 15 T/µB for
metallic Fe, that yields ∼ 0.55µB . Since in related AFe2As2 (A = Ba, Sr, Ca,
Eu) compounds using this value of the hyperfine coupling constant leads to un-
derestimate of the Fe moment by approximately a factor of 2, [21] more realistic
evaluation for the moment on magnetic Fe site is probably closer to 1µB .
4. Discussion and Summary
The results of 57Fe Mo¨ssbauer spectroscopy measurements at different tem-
peratures on CuFe2Ge2 confirm that at ∼ 180 K this compound has a second
order transition to a magnetically ordered phase. In contrast to the published
interpretation of the neutron scattering data and to the band structure calcula-
tions that conclude that both Fe sites in CuFe2Ge2 are in ordered states bearing
moments of similar values, our data suggest that half of the Fe sites (possibly
corresponding to a specific crystallographic site) experience no finite hyperfine
field (are paramagnetic) over the whole temperature range from 4.4 K to 296 K,
whereas another half have a static magnetic moment of ∼ 0.5− 1 µB below the
magnetic ordering temperature. The Mo¨ssbauer spectroscopy results call for
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re-eavaluation of the band structure calculations and neutron scattering data.
[14, 15] It is very possible that, like the AFe2As2, AeFe2As2 and AAeFe4As4 (A
= Ba, Sr, Ca, Eu, Ae = Cs, Rb, K) [2, 3, 4, 5, 24, 25] there is near degeneracy
of multiple magnetic orderings. If this is indeed the case for CuFe2Ge2, then it
may meet some of the necessary (albeit not sufficient) conditions for Fe - based
superconductivity.
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Figure 1: (Color online) Powder x-ray diffraction data at room temperature. Data (crosses),
fit (red line), calculated peak positions (vertical bars) and the difference between experimental
and calculated spectra (blue line) are shown. The refined lattice parameters are a = 4.980 A˚,
b = 3.970 A˚, and c = 6.795 A˚.
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Figure 2: Temperature-dependent resistivity of CuFe2As2 normalized to its value at 300 K
(top panel) and its temperature derivative (bottom panel).
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Figure 3: (Color online) Temperature-dependent magnetization of powdered polycrystalline
CuFe2As2 measured at four different values of applied magnetic field, 10 Oe (zero field cooled
-ZFC and field cooled - FC) 1 kOe, 10 kOe and 25 kOe.
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Figure 4: (Color online) 57Fe Mo¨ssbauer spectra of CuFe2As2 at selected temperatures.
Symbols - data, lines - fits (red - doublet, blue - sextet, black - sum of doublet and sextet).
14
0
5 0
1 0 0
 d o u b l e t s e x t e t  
 
 
rela
tive
 
are
a (%
)
0 . 2
0 . 4
0 . 6
 
 
 
IS (
mm
/s)
- 0 . 2
0 . 0
0 . 2
0 . 4
 
 
 
QS
 (m
m/s
)
0 1 0 0 2 0 0 3 0 00 . 2
0 . 4
0 . 6
 
 
FW
HM
 
(mm
/s)
T  ( K )
C u F e 2 G e 2
Figure 5: Temperature dependent hyperfine parameters of CuFe2Ge2: relative spectral area,
isomer shift (IS), quadrupole splitting (QS), and linewidth (full width at half maximum,
FWHM). Open symbols - paramagnetic doublet, filled symbols - magnetic sextet. The error
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Figure 6: (Color online) Temperature dependent hyperfine field inferred from the analysis
of the sextet. Dashed line - fit with a phenomenological equation Bhf (T ) = Bhf (0)[1 −
(T/TN )
α]β (see the text).
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